(Bio-Rad Laboratories, Hercules, California, United States). The clinical characteristics of the study group are presented in tAble 1.
During ophthalmological examination, patients were asked about previous ocular diseases, visual symptoms, and ophthalmic treatment. Best-corrected visual acuity was measured using the standard methods. The pupils were dilated on both eyes using 1% tropicamide and 10% phenylephrine eye drops. Fundus examinations were performed using ophthalmoscopy as well as slit lamp and indirect Volk lens. Subsequently, using a 45-degree digital camera VISUCAM (Zeiss, Germany), 2 fundus photographs were taken of each eye, one centered on the fovea and the other on the optic disc. The evaluation of opthalmoscopy results and fundus photographs was performed for the entire group by the same ophthalmologist with experience in diabetic retinopathy.
Diabetic retinopathy was graded according to the classification of the American Academy of Ophthalmology as no retinopathy, mild nonproliferative, moderate nonproliferative, severe nonproliferative, and proliferative retinopathy. 12 We divided diabetic patients into 2 subgroups: with diabetic retinopathy and without retinopathy according to clinical examination and fundus photographs. One microaneurysm was enough to assign a patient to the subgroup with retinopathy.
We performed OCT in the study group with the RTVue model version 3.5 (Optovue Inc., Canada). RTVue OCT is a modern equipment with ultra-high speed (26,000 A-scn/s), high scan resolution (5 µm), and high transverse scan resolution (15 µm). As Biallosterski et al. 7 showed a significant correlation between RT in the left and right eye of the study population, we chose the right eyes of the patients and performed 5 scans in each.
7 There were 3 retinal scan patterns: high--definition B-scan, horizontal and vertical scans, and dense thickness/elevation maps. We measured RT: in the fovea (the central circle of 1 mm in diameter), in the parafovea (the circle of 1 mm in the inner diameter and 3 mm in the outer diameter), and in the perifovea (the circle of 3 mm in the inner diameter and 6 mm in the outer diameter). There were 2 glaucoma scan patterns: 3.45 mm RNFL thickness and GCL thickness. The measurements of RNFL thickness were obtained along a 360° path for 4 quadrants of the optic disc and as a mean value. The quadrants were defined as follows: superior (46°-135°), inferior (226°-315°), temporal (316°-45°), and nasal (136°-225°).
statistical analysis Statistical analysis was performed using the Statistica PL version 8.0 (Stat Soft Inc., Tulsa, United States). The results of continuous variables are shown as median values and IQR or the number and percentage of patients. Comparisons between the subgroups with and without retinopathy were performed using the t test for normally distributed variables, the Mann-Whitney U test for continuous
The aim of the study was to compare RT, retinal nerve fiber layer (RNFL) thickness, and ganglion cell layer (GCL) thickness measured by OCT in type 1 diabetic patients with and without retinopathy. Moreover, we assessed the potential correlations between RT and metabolic parameters as well as duration of the disease.
PAtIents And methods
We recruited 77 consecutive patients with type 1 diabetes (39 men and 38 women), hospitalized in the Department of Internal Medicine and Diabetology in Poznań, Poland. The patients were admitted to the hospital for education, adjustment of appropriate insulin dose, and assessment of late diabetic complications. The median age of the patients was 35 years (interquartile range [IQR] , 29-42); median disease duration was 10 years (IQR, (9) (10) (11) (12) (13) (14) . All subjects were informed about the aim of the study and gave their written consent. The study was conducted according to the guidelines of the Helsinki Declaration and was approved by the local Ethics Committee.
The exclusion criteria were as follows: proliferative retinopathy after laser treatment, myopia bigger than 2 diopters, and diabetic clinical signs of macular edema observed on ophthalmoscopy. A total of 31 age-and sex-matched controls were recruited from the staff members of the ophthalmology clinic and their families. Controls had no history of refractive errors, diabetes, or other chronic diseases.
The participants completed a standardized questionnaire including data on sex, age, medical history, duration of diabetes, treatment, smoking status, and blood glucose self-control. All patients underwent complete physical examination with anthropometric and blood pressure measurements. Blood samples were collected in a fasting state after a period of rest, with minimal occlusion of the vein using the S-Monovette blood collection system. Hemoglobin A 1c (HbA 1c ) was measured using high-performance liquid chromatography with the Variant Hemoglobin A 1c Program RT, RNFL thickness, and GCL thickness in diabetic patients are shown in tAble 3. Compared with patients without retinopathy, subjects with retinopathy had thinner parafoveal retina (P = 0.05), mean RNFL (P = 0.002), inferior and nasal RNFL (P = 0.002, P = 0.03), superior (P = 0.05) and inferior GCL (P = 0.006).
We also compared diabetic subjects without retinopathy with the control group (tAble 3). Subjects without retinopathy had thicker perifoveal retina (P = 0.048), mean RNFL (P <0.0001), inferior RNFL (P <0.0001), as well as superior and inferior GCL (P = 0.007 and P = 0.003, respectively).
Associations between clinical characteristics and retinal thickness, retinal nerve fiber layer thickness, and ganglion cell layer thickness RT, RNFL thickness, and GCL thickness in diabetic patients were variables with skewed distributions, and the Fisher's exact test for categorical data. Pearson's correlation coefficients were calculated to assess the association between the continuous variables. All tests were performed with the significance level of 0.05 (two-sided).
results comparison between diabetic subjects and controls We observed thicker perifoveal retina (P = 0.05), mean RNFL (P = 0.002), inferior RNFL (P <0.0001), and superior and inferior GCL (P = 0.05 and P = 0.04, respectively) in diabetic subjects compared with controls ( a differences between diabetic patients without retinopathy and healthy subjects b differences between diabetic patients with retinopathy and without retinopathy
Abbreviations: see tAbles 1 and 2 neurodegeneration in diabetic retina. In diabetic patients, increased retinal vascular permeability related to hyperglycemia leads to the leakage of serum proteins and lipids into the intraretinal space.
13 This may result in higher values observed on OCT in diabetic patients compared with controls, as observed in our study. However, in subjects with recognized retinopathy, we also noted significant thinning of the retina. Several studies conducted in experimental animal models have recently indicated that neuroglial tissue loss may occur at the early stages of diabetic retinopathy and even precede vascular changes. 8, 14, 15 It has also been postulated that diabetic retinopathy should be considered as a disease that involves vascular pathology and retinal neurodegeneration. 8 OCT is a noninvasive and sensitive method that might help identify the thinning of particular retinal layers. Segmentation of the intraretinal layers obtained by OCT could lead to an earlier detection of diabetic retinal damage and facilitate the understanding of its pathogenesis. Cabrera et al. 8 showed reduced RNFL and GCL thickness in diabetic patients with mild retinopathy compared with subjects without retinopathy. However, the study group of Cabrera et al.
8 was not homogeneous -there was a wide range of patients' age. There have been studies on type 2 diabetic subjects that revealed RNFL defect in patients with early diabetic retinopathy. 3 However, the studies using OCT in type 2 diabetes focused mostly on the assessment of macular edema. [16] [17] [18] The knowledge on clinical usefulness of RT measurement in type 1 diabetes is still limited. However, we would like to emphasize that the group of type 1 diabetic subjects seems to be much more homogenous than that of type 2 diabetic patients with well--defined onset of the disease. Ciresi et al. 19 found no difference between type 1 diabetic patients with and without diabetic retinopathy and the control group for all OCT parameters. The authors suggested that retinopathy without macular edema in type 1 diabetic patients cannot be detected with OCT.
19 On the other hand, Biallosterski et al. 7 showed significantly decreased pericentral RT in patients with retinopathy compared with controls. Similarly, Van Dijk et al.
20
compared type 1 diabetic subjects with retinopathy with the control group and showed thinning of the total retina. We detected the thinning of the retina and of particular neuroglial layers in type 1 diabetic subjects with retinopathy compared with those without retinopathy.
Interestingly, we observed negative correlations between all studied OCT parameters and the duration of the disease. The results are consistent with those reported by Asefzadeh et al. 21 (who, however, investigated type 2 diabetes) and those reported by Biallosterski et al. 7 (whose study involved type 1 diabetic patients). Similarly, in the study by Chihara et al., 3 the risk factors for nerve fiber layer thinning were the degree of diabetic retinopathy, high systolic blood pressure, and patient's age, but not HbA 1c levels.
3 analyzed along with various clinical parameters. A significant correlations were found between the duration of diabetes and nasal RNFL thickness (r = -0.32, P = 0.004) and parafoveal RT (r = -0.47, P <0.001) (FIGures 1 and 2 ).
There were no significant correlations between RT, RNFL thickness, and GCL thickness and glycemic control of diabetes.
dIscussIon The main finding of the study is that RT measured by OCT is higher in type 1 diabetic patients compared with controls. Interestingly, however, the retina becomes thinner if diabetic retinopathy is present. The results of our study show that OCT could help identify early changes in the neural layers of the retina in diabetic patients. The measurement of RNFL and GCL thickness could serve as the early sign of before the clinical onset visible on fundus examination. 30 Moreover, we cannot exclude that other mechanisms leading to increased permeability of the endothelium could be stimulated early in diabetes. The formation of advanced glycation end-products and oxidative stress associated with hyperglycemia lead to the thickening of the capillary basement membrane and pericyte loss, preceding clinically visible retinopathy. 31, 32 The study has several limitations. First, we observed thinner retina in diabetic patients with retinopathy only in some quadrants and layers. Although the results of OCT seem to be reproducible, the future studies are needed with more than 1 OCT measurement in the same group of patients. Second, based on our results, the process of retinal thinning seems to be selective and limited. The nature of this process in type 1 diabetes requires further research.
In conclusion, the results might suggest the loss of intraretinal neural tissue in type 1 diabetic patients with retinopathy. Neurodegeneration in diabetic retinopathy is strongly associated with disease duration. OCT might be valuable in the assessment of diabetic retinopathy.
It seems that degeneration of the neurons and ganglion cells is a gradual process, which pccurs over time. In the present study, we did not find any correlations between RT, RNFL thickness, and GCL thickness and glycemic control of diabetes. However, it is possible that HbA 1c reflects only the mean values of glycemia from the last 3 months without showing the fluctuations of glycemia, and it is just not the perfect determinant of good metabolic control. 22 Moreover, the activation of adenosine monophosphate-activated protein kinase and metabolic stress in diabetic patients probably occurs as a result of hyperglycemia, hypoglycemia, and hypoxia. 23 There is strong evidence that the combination of high metabolic demand and minimal vascular supply may limit the ability of intraretinal neural tissue to adapt to the metabolic stress of diabetes. 24 These aspects may partially explain the pathogenesis of neurodegeneration as an additional component to microvascular pathomechanism of diabetic retinopathy as well as the lack of correlation between HbA 1c and OCT parameters observed in our study.
The results of RT measurements in diabetic patients without retinopathy compared with healthy subjects presented in the literature are inconsistent. A number of studies have been conducted in type 2 diabetes and the results cannot be compared to type 1 diabetes. Asefzadeh et al. 21 performed a study in type 2 diabetic patients and found no significant differences between RT in controls, in subjects with mild retinopathy, and those without retinopathy.
21 Van Dijk et al. 20 showed no statistically significant differences in RT between diabetic patients without retinopathy and the control group. 20 Similarly to our study, Biallosterski et al. 7 divided patients into 3 subgroups, but they only found a difference in RT in the pericentral ring between diabetic patients with retinopathy and the control group.
7 However, there are some data suggesting the thinning of the retina even in type 1 diabetic subjects without retinopathy. Lopes de Faria et al. 25 showed significant nerve fiber loss in some segments of the retina only in 12 patients without retinopathy compared with controls. 25 The inconsistent data might result from the early functional and hemodynamic changes in the retina observed as a result of hyperglycemia. There is evidence of vascular dysfunction and abnormal autoregulation of retinal circulation in diabetes that can lead to retinal hyperperfusion.
26 This high level of retinal perfusion is assumed to induce endothelial damage and increased permeability of the capillaries due to increased shear stress. 27, 28 This hypothesis is in line with the observation that systemic hypertension increases the frequency and rate of progression of diabetic retinopathy.
29 This might result in the accumulation of extracellular fluid and retinal thickening observed in OCT in the group without retinopathy. It has been shown that the total retinal blood flow and blood velocity are increased in early diabetic retinopathy even
